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(54) [Title of the Invention] Cell Adhesion Active Peptide and Polymer 

Modifier Thereof 
(57) [Abstract] 

[Constitution] A high purity cell adhesion active modified peptide which is made up of a 
cell adhesion core sequence repeating structure and indicated by the formula (1) 
[Chemical Formula 1] 

(Arg-Gly-Asp~Thr) n 

[where n is an integer of 3 to 20]; and a polymer modified peptide obtained by polymer 
modification of the N-end amino group of this cell adhesion active peptide using a 
polyethylene glycol derivative. 

[Effect] Cell adhesion active peptides have a strong cancer metastasis inhibition activity; 
polymer modified peptides of these also have a strong cancer metastasis inhibition action. 

[Scope of Patent Claim] 
[Claim 1] 

A peptide which is indicated by the formula (I) 
[Chemical Formula 1] 

(Arg-Gly-Asp-Thr) n 

[where n is an integer from 3 to 20 ] which is characterized as having high purity and a 
pharmaceutically permitted salt thereof; 

[Claim 2] The composition of Claim 1 wherein the purity of the peptide or of the 
pharmaceutically permitted salt thereof as determined by HPLC (high-performance liquid 
chromatography) is at least 90 %; 

[Claim 3] The composition of Claim 1 wherein n in formula [I] is an integer from 3 to 
11; 

[Claim 4] The composition of Claim 1 where n in formula (I) is 3; 

[Claim 5] The composition of Claim 1 wherein n in formula (I) is 5; 

[Claim 6] The composition of Claim 1 wherein n in formula (I) is 7; 

[Claim 7] The composition of Claim 1 wherein n in formula (I) is 9; 

[Claim 8] The composition of Claim 1 wherein n in formula (I) is 11; 

[Claim 9] A polymer modifying peptide and a pharmaceutically permitted salt thereof as 
indicated in formula (II) 
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[Chemical Formula 2] 

R r {OCHiCH 2 ) p -0 v_ 0 : 

Rz-tOCHjCHjJq-O 

[where n is an integer from 3 to 20; Ri and R2 are the same or different lower alkyl 
groups; p and 1 are any positive integers which are the same or different for which 
each polyethylene glycol part has a mean molecular weight of approximately 1000 to 
12000; t is 0 or any positive integer.]; 

[Claim 10] The composition of Claim 9 wherein n in formula (II) is an integer from 3 to 

li; 
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[Claim 16] A polymer modifying peptide and a pharmaceutically permitted salt thereof 
which is indicated by formula (III) 

[Chemical Formula 3] 

O O 
RHQCHaCH^— O-C— (CH^— c - (Arg-GSy-Asp-Thr} n 



[wherein R3 is a lower alkyl group; k is any positive integer for which the polyethylene 
core part has a mean molecular weight of approximately 1000 to 12000; n is a integer of 
20 or less; u is any positive integer.] 

[Claim 17] The composition of Claim 16 wherein n in formula (III) is an integer from 3 
toll; 

[Claim 18] The composition of Claim 16 wherein n in formula (III) is 3; 
[Claim 19] The composition of Claim 16 wherein n in formula (III) is 5; 
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[Claim 20] The composition of Claim 16 wherein n in formula (III) is 7; 

[Claim 21] The composition of Claim 16 wherein n in formula (III) is 9; 

[Claim 22] The composition of Claim 16 wherein n in formula (III) is 11; 

[Claim 23] A cancer metastasis inhibitor which comprises the peptide or the 
pharmaceutically permitted salt thereof as indicated in Claim 1 through Claim 8 

[Claim 24] A polymer modified peptide or the pharmaceutically permitted salt thereof as 
indicated in Claim 9 through Claim 22; 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field] The present invention relates to a cell adhesion active peptide as well 
as polymer modifying peptide which is modified by a polyethylene glycol derivative 
which is a polymer modifying substance of the cell adhesion active peptide; and it further 
relates to a cancer metastasis inhibitor which comprises these peptides or the polymer 
modifying peptide thereof; 

[0002] 

[Description of the Prior Art] Fibronectin, laminin and vitronectin and the like 
contribute to adhesion between cells and interstitial tissue and consist of a protein which 
has a variety of types of bioactivity which are related to cell function in animal cells and 
referred to by its general name of cell adhesion active protein. For example, fibronectin 
is a protein which is synthesized in the liver and is present in the blood plasma in a 
concentration of approximately 0.3 mg/ml. Fibronectin forms a difibrin bond with a 
polypeptide A chain with a molecular weight of approximately 250 K and a polypeptide 
B chain with a molecular weight of approximately 240 K near the carboxyl end and 
dimerizes. The primary structure of fibrinectin has been determined by using the 
molecular cloning technique used by Koarnblihtt, A.R. et al: EMBO Journal, 4, 2519 
(1985). The primary structure of laminin has been determined by Sasaki et al (Sasaki, 
M. et al, Proceedings of the National Academy of Sciences, USA, 84, 935 (1987); 
Sasaki, M. et al Journal of Biological Chemistry, 262 , 17111 (1987); and the primary 
structure of vitronectin has been determined by Suzuki et al: EMBO Journal, 4, 1755 
(1985). Research has been carried out on the bonding sites which are involved in cell 
adhesion activity and the bonding sites for bacteria for both the A chain and B chain have 
been determined by research carried out on bonding to fragments of heparin, collagen, 
cells and bacteria obtained by limited decomposition of fibronectin by protease (Yamada, 
L. M.: Annual Review of Biochemistry, 52, 761 (1983)). The core sequence of the cell 
bonding sites was clarified in 1984 as being Arg-Gly-Asp (RGD) (Pierschbachr., M.D. et 
al: Nature, 309 ,30 (1984). It has been clarified that this RGD sequence also exists in 
vitronectin and other adhesive proteins. 

[0003] Fibronectin bonds with the receptors of the cells adhering via the aforementioned 
core sequence and transmits information to the adhering cells. It is thought that these 
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also have a bonding capacity with heparin, collagen, fibrin and other biopolymers and 
that they contribute to the adhesion between cells and the interstitial tissue and to cell 
differentiation and cell growth (Yamada, K.M.: Annual Review of Biochemistry, 52, 
961 (1983)). Thus, the cell adhesion active protein has a variety of biological activities so 
that its application to medicine is currently the subject of research. For example, when the 
amount of fibronectin in the blood plasma declines, the function of the reticuloendothelial 
group declines as well. In this case, septicemia resulting from surgery and burns, 
disseminated intravascular coagulation, serious infectious diseases and surgical shock are 
examples. Administration of fibronectin is thought to be effective in improving these 
symptoms. Fibronectin stimulates the migration capacity of fibroblasts and macrophages 
so that its application in the healing of wounds and regulation of the immunological 
competence function is currently under investigation. In particular, local treatment of 
corneal damage which makes use of this healing promotion effect on wounds has already 
been tested (Fujikawa, L.S. et aL: Laboratory Investigations, 45, 120 (1981). 

[0004] The cell adhesion activity protein also is the subject of attention as a substance 
which is related to cancer metastasis. At this time, cell adhesion molecules such as 
fibronectin and laminin are present, the cells form multiple cell lumps thus facilitating the 
proliferation and survival of cancer cells. Actually, it was found that when laminin is 
mixed with cancer cells and administered to animals, the cancer metastasis is reinforced. 
Incidentally, it has been reported that the protease fragments which are derived from 
laminin conversely have a cancer metastasis inhibition activity (Barsky, S.H. et aL 
Journal of Clinical Investigations, 74, 843 (1984). Likewise, it has been confirmed that 
tripeptide Arg-Gly-Asp which is a fibronectin adhesion core (Humphries, MJ. et aL: 
Science, 233, 467 (1986) and the triptide Tyr-Ile-Gly-Ser-Arg which is a laminin 
adhesion core (Iwamoto, Y. et aL: Science, 238 , 1 132 (1987) inhibit cancer metastasis. 
These polypeptides which have an adhesion core repeating structure are also known to 
have a stronger platelet agglutination inhibition activity and a stronger cancer metastasis 
inhibition activity than the monopeptides. (Azuma et aL, [Japanese] Laid-Open Patent'* 
Specification No. H2-174798). 

[0005] Meanwhile, problems are encountered when administering peptide drugs to 
organisms in that the path clearance is extremely fast and there is antigenicity in addition 
to human type natural protein. A well-known and useful means of solving these problems 
involves modifying protein and peptide using a polyethylene glycol derivative, delaying 
the path clearance inside the organism and lowering the antigenicity. (Japanese Journal 
of Cancer Research, 77, 1264 (1986); [Japanese] Laid-Open Patent Specification No. 
S56-23587; [Japanese] Laid-Open Patent Specification No. S61-178926; Cancer 
Biophysics, 7, 175 (1984); [Japanese] Laid-Open Patent Specification No. S62-1 15280. 

[0006] 

[Problems Which the Present Invention is Intended to Solve] As indicated previously, 
the cell adhesion active protein of fibronectin and laminin and others has a variety of 
types of biological activity and there has been a need to develop a technique which could 
be used for application of the related substances as a drug. In particular, the cancer 
metastasis inhibition action of the adhesion core of fibronectin, laminin and the like is 
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thought to be highly applicable as a drag. However, since the cell adhesion activity of 
said core sequence is insufficient, the cancer metastasis inhibition action of these is not 
sufficient to apply to an actual medication and there has been a need to develop a 
substance with an even higher activity. However, the cell adhesion activity protein is a 
natural substance so that there are limitations as to its supply. Since it is a glycoprotein, 
the methods used to synthesize it as well as produce it efficiently using genetic 
engineering are extremely difficult. There is a well-known method of resolving the 
aforementioned problems which involves increasing the cell adhesion activity making 
these into Arg-Gly-Asp polymers, Arg-Gly-Asp-Ser polymers and Arg-Gly-Asp-Thr 
polymers which have a cell adhesion core sequence repeating structure ([Japanese] Laid- 
Open Patent Specification No. H2- 174798; Japanese Journal of Cancer Research, 81, 
660 (1990); Cancer Research, 49, 3815 (1989); International Journal of Biological 
Macromolecules, 11, 226 (1989)). Even in the aforementioned literature, producing 
polypeptides involves polymerization using a continuous polymerization method using 
diphenyl phosphoryl azide (DPPA) on the corresponding monopeptides. Synthesis of the 
Arg-Gly-Asp-Thr polymer was tried using the method indicated in the aforementioned 
literature. The results of analysis using reverse phase high-speed chromatography 
clarified that the reaction product was a mixture of many types of compounds which were 
assumed to be many different kinds of polymers and byproducts when the polymers were 
synthesized. 

[0007] Thus, it was extremely difficult to control the degree of polymerization in order to 
obtain polymer peptides when the prior-art method was used. It was also clarified that it 
was extremely difficult to obtain only peptides which were actually homogeneous 
polymer peptides. In addition, when this production method is used, it is assumed that it 
will be difficult to obtain compounds with a constant quality. These will be problematical 
when considered as a medication. In addition, it is presently impossible to use the prior- 
art method to obtain peptides with a distinct molecular weight with a cell adhesion core 
repeating structure by industrial detachment and refining means (recrystallization, 
reprecipitation, ultrafiltration and the like) from a peptide mixture which comprises a 
variety of compounds with a molecular weight which extends over this wide range. In 
addition, when making a derivative (for example, modifying using a polymer 
modification agent) using as raw material peptide mixtures which comprise a variety of 
compounds with this type of wide-ranging molecular weight, it is clear that the same 
problem also arises for the derivative obtained. This type of peptide is unsuitable as a raw 
material for the present invention. As a result, one of the objects of the present invention 
is to provide a high purity polypeptide which has a cell adhesion active protein adhesion 
core amino acid sequence repeating structure. This is known to have a high activity by 
providing the aforementioned type of adhesion core amine acid sequence with a repeating 
structure and there is a need for a compound with a strong activity for use as a 
medication. Therefore, it is another object of the present invention to provide a modified 
polypeptide which is obtained by condensation of the polyethylene glycol derivative with 
the aforementioned high purity polypeptide to obtain a compound with a still stronger 
biological activity. 
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[0008] 



[Means Used to Solve the Problems] The inventors carried out a great deal of research 
on solving the aforementioned problems and were able to obtain the high purity cell 
adhesion active peptide (peptide (1)) indicated in formula (I). They were also successful 
in bringing about a high activation by producing a polymer modifier using polyethylene 
glycol and after repeated efforts, they attained the present invention. 

[0009] The present invention is a peptide (peptide (I)) which has high purity and which is 
(1) indicated by the formula (I) 

[Chemical Formula 4] 



[where n is an integer from 3 to 20] 

(2) and a polymer modified peptide (modified peptide (II) which is indicated by formula 



R 2 {OCH 2 CH 2 }q'0 ' 

[where n is an integer from 3 to 20; R\ and R2 are the same or different lower alkyl 
groups; p and q are any same or different positive integers when each of the polyethylene 
glycol parts has a mean molecular weight of approximately 1000 to 12000; t is 0 or any 
positive integer.]; and 

(3) a polymer modified peptide (modified peptide (III)) which is indicated by formula 
(III) 

[Chemical Formula 6] 

0 O 
R r {QCH 2 CH 2 ) k — O-C— <QHa)„— C - (Arg-eiy-Asp-Thr^ 

[where R3 is a lower alkyl group; k is any positive integer wherein the polyethylene 
glycol parts have a mean molecular weight of approximately 1000 to 12000], a cancer 
metastasis inhibition agent which comprises (4) peptide (I) and a cancer metastasis 
inhibition agent which comprises (5) modified peptide (II) or (III). 

[0010] In the aforementioned formula, the positive integer indicated as n should be 3 to 
1 1 ; the lower alkyl group indicated by Ri, R2 and R3 may be straight chain or branching, 
however, methyl, ethyl, isopropyl, n-butyl and other lower alkyl groups with a carbon 



(Arg-Gly-Asp-Thr)n 



(II) 

[Chemical Formula 5] 
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number of 1 to 4 are suitable. In addition, the molecular weight of the polyethylene 
glycol parts should be 3000 to 7000 and the integer indicated by t should be 0 to 10; the 
positive integer indicated by u should be 1 to 10. An L-type amino acid and a D-type 
amino acid may be included in the peptide and polymer modified peptide in the present 
invention, while the L-type amino [acid] is particularly suitable. The compound in the 
present invention is used as a medication so that a pharmaceutically permitted salt such as 
hydrochloride, sulfate 2nd other inorganic salts, acetate, trifluoro acetate, lactate, oxalate 
and other organic salts may be used and transformation to these salts may be carried out 
using the usual means. 

[0011] The peptide (I) in the present invention increases the purity of the desired 
compound thereby differing from the method which involves polymerizing monomers of 
Arg-Gly-Asp-Thr. When a method is used in which the primary sequence of the 
intermediate is clear in each of the stages of the synthesis, synthesis can be carried out 
using a method which makes up the primary sequence of the desired substance. There is a 
well-known method of synthesis which uses the chemical synthesis method as well as the 
genetic engineering method, although synthesis can be carried out by using either of these ' 
methods. The solution phase method and the solid phase method are well-known as 
chemical synthesis methods, however, synthesis can be carried out using either of these 
methods. There, is also a well-known step-wise extension method which involves 
successively building the desired primary sequence from the N-end or the C-end and the 
filament condensation method which divides the desired primary sequence into the 
appropriate fragments, condenses these fragments and constructs the desired substance. 
However, either of these methods may be used or they may be used in combination, 
thereby carrying out the synthesis. Also, if necessary, a functional group (amino group, 
carboxyl group, guanidine group, hydroxyl group) may be used for protection. 
Regarding the method of condensation, protective group, reaction conditions and the like, 
synthesis may be carried out using the usual method for synthesis of the peptides, the 
protective group, the reaction conditions and the like as indicated in Fundamentals and 
Experiments in Peptide Synthesis (Maruzen Publishers), Experiments and Lectures in 
Biochemistry • Vol. 1 Chemistry of Proteins IV (Tokyo Kagaku Dojin Publishers) and 
the like. If necessary, refining may be carried out in accordance with reverse phase 
HPLC, ion exchange chromatography, gel filtration chromatography and other 
conventional peptide refining methods. The purity of the cell adhesion active peptide 
obtained in this way should be at least 90 % of the surface ratio and preferably 95 % of 
the surface ratio. The cell adhesion active peptide in the present invention inhibits cancer 
metastasis more effectively than polymers made of multiple constituents whose 
molecular weight is not clear and which were produced using a method which involves 
polymerization of Arg-Gly-Asp-Thr. In addition, the cell adhesion active peptides in the 
present invention are extremely useful as a raw material peptide for induction to obtain a 
compound with a strong biological activity as a medication due to its high purity (for 
example, modification using a polymer modifying agent.) 

[0012] The modifying peptide (II) or (III) in the present invention is produced by 
reacting a polyethylene glycol derivative (IV) carboxyl group activated body which is 
indicated by formula (IV) 
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[Chemical Formula 7] 



R r (OCH 2 CH 2 ) p -0 




V-(CH 8 ) t -C-OH 



R r (OCH 2 CH 2 ) q -0 



[where R2, R3, p, q and t all mean the same as they did for formula (II)] or the 
polyethylene glycol derivative (V) carboxyl group activator which is indicated by 
formula (V) 

[Chemical Formula 8] 



[where R3, k and u mean the same as they did in formula (III)] and an amine group. The 
activation method used for the polyethylene glycol derivative (II) or (V) may involve a 
greater degree of activation than that of the usual carboxyl group activation method, for 
example, the carboxyl group activation method indicated in Experiments and Lectures 
in Biochemistry, Vol. 1, Chemistry of Proteins IV (Tokyo Kagaku Tojin), 
Fundamentals and Experiments in Peptide Synthesis (Izumiya et ai, Maruzen 
Publishers). In reacting the carboxyl group activator of the polyethylene glycol 
derivative (II) or (V) with the peptide (I), the reaction temperature may be any 
temperature as long as the peptide (I) is not deactivated, such as a temperature range of 0 
to 25°C. The polyethylene glycol derivative (II) or (V) which is used in the present 
invention may be reacted at a pH of 4.5 or greater. As a result, the pH of the reaction may 
be 4.5 or greater as long as the peptide is not deactivated and a pH in the range of 6 to 9 
is suitable. 

[0013] Any solvent may be used in the reaction as long as it does not interfere with the 
reaction. Examples of such solvents are a phosphoric acid buffer solution, a boric acid 
buffer solution, a sodium carbonate aqueous solution, a sodium hydrogen carbonate 
aqueous solution, an N-ethyl morpholine — acid acetic buffer solution, a sodium maleic 
acid buffer solution, a sodium acetic acid buffer solution and other buffer solutions. 
Organic solvents which do not deactivate the peptide and which are inert in the reaction 
such as methanol, ethanol, propanol and other lower alcohols and acetonitriles, dioxane, 
tetrahydrofurance and the like may be added. A reaction time of 1 to 72 hours is 
sufficient. After the reaction has been completed, the desired modified peptide can be 
obtained by refining by salting out, gel filtration, ion replacement chromatography, 
adsorption chromatography, affinity chromatography, ultrafiltration, reverse phase HPLC 



R3~(OCH 2 CH 2 )h— o 



C— (CH 2 ) u ~c~OH 




and other well-known methods of refining protein and the desired modified peptide can 
be obtained. 

[0014] The high purity peptide (I) in the present invention has a repeating cell adhesion 
active protein core sequence and it is thought to adhere to the cells due to the same 
mechanism as the cell adhesion active protein through the core sequence. Therefore, a 
variety of different biological activities are indicated as the cell adhesion active protein 
agonist or antagonist. In particular, the peptide (I) in the present invention has a stronger 
cancer metastasis inhibition action which is several times that of the cell adhesion active 
protein core sequence. In addition to this, the inhibition action and other types of 
biological activity brought about by platelet agglutination of the cancer cells which arises 
in the blood capillaries has also been confirmed. The peptide (I) which has been modified 
by the polyethylene glycol derivatives (II) and (V) is a compound which is considerably 
more stable than the corresponding unmodified peptide (I) and it has a stronger cancer 
metastasis inhibition activity than the unmodified peptide (I). This means that the 
polyethylene glycol modified peptide has a pathway clearance which is markedly delayed 
(that is, its persistence is prolonged) and has a physiological activity which is effective 
for long periods of time. Moreover, the modified peptide in the present invention has the 
physiological activity of the unmodified peptide (I) as is. The peptide and polymer 
modified peptide in the present invention are extremely effective as medications for 
humans and for animals. The peptide and the polymer modified peptide in the present 
invention are usually administered orally or non-orally to mammalians (such as cows, 
horses, sheep, humans and others as a formulation consisting of appropriate drug 
constituents. When administered as a cancer metastasis inhibitor, the peptide and polymer 
modified peptide in the present invention are determined within a range of 0.2 //g/kg to 
400 mg/kg based on the symptoms, age, body weight and other factors and is 
administered once a day or several times per day. 

[0015] 

[Practical Embodiments of the Invention] Next, we shall explain the present invention 
more specifically by referring to practical embodiments of it. Nevertheless, it should by 
no means be construed that the present invention is limited to these practical 
embodiments. Further, in the following practical embodiments, the amino acid analytical 
values for the amino acid analytical values for the peptides or polymer modified peptides 
indicate the amino acid analytical values in these peptides or polymer modified peptide 
acid decomposed bodies (decomposed bodies of 6N acetic acid — phenol after processing 
for 24 hours at 1 10°C). Abbreviations for these are indicated below 
Boc : benzyl oxycarbonyl 
cHex : cyclohexyl 
Bzl : benzyl 
Tos : p-toluene sulfonyl 
Pac : phenacyl 

[0016] Practical Embodiment 1 

Preparation of (Arg-Gly-Asp-Thr)s 

a) Boc-(Asp(OcHex) Thr (Bzl) Arg (Tos) Gly) 2 -OPac 



We dissolved 17.24 g ( 0.017 mol) of Boc-(Asp(OcHex) Thr (Bzl) Arg (Tos) 
Gly) 2 -Opac in 70 ml of acetonitrile and dropped 13.36 g (0.139 mol) of methane 
sulfonic acid at a sub-zero temperature. Then, we stirred it for one hour at room 
temperature. We brought it to a sub-zero temperature a second time and dropped 70 ml of 
DMF. We dropped 12.3 g (0.020 mol) of triethyl amine. Next, we added 16.0 g (0.018 
mol) of Boc-Asp (OcHex) Thr (Bzl) Arg (Tos) Gly-OH, 2 [number illegible]. 72 g (0.020 
mol) of 1-hydroxy beittotriazole ("HOB"); and 3.12 g (0.020 mol) of l-ethyl-3-(3- 
dimethyl aminopropyl)-carbodiimide ("WSC") at a sub-zero temperature and stirred this 
for 30 minutes. After that, we stirred it for 3 hours at room temperature. We poured the 
reaction solution into 2 [number illegible] of 1 % brine and stirred it for 30 minutes at 
room temperature. Then, we filtered out the precipitate, washed it in water and then in 
ether. We dried it and obtained 30.2 g of the compound indicated in the title. 

[0017] 

b) Boc-(Asp(OcHex) Thr (Bzl) Arg (Tos) Gly) 2 -OH 

We dissolved 30.80 g (0.018 mol) of compound (a) in Practical Embodiment 1 in 
200 ml of 90 % acetic acid, added 57.2 g (0.883 mol) of zinc powder in three batches at 
five minute intervals at a sub-zero temperature, returned it room temperature and stirred it 
vigorously. Three hours later, we carried out "selite" filtration of the reaction solution 
and poured the filtrate into 2.2 liters of 1 % brine. We stirred it at a sub-zero temperature 
and then filtered out the precipitate, washed it with water and then with ether, dried it and 
obtained 27.1 g of the compound indicated in the title. 

[0018] 

c) Boc-Arg (Tos)Gly-(Asp(OcHex) Thr (Bzl) Arg (Tos)Gly) 2 -OPac 

We dissolved 15.75 g (9.0 mmol) of the compound in Practical Embodiment 1 (a) 
in 150 ml of acetonitrile and dropped 13.82 g (0.144 mol) of methane sulfonic acid at a 
sub-zero temperature. Then, we stirred it for one hour at room temperature. We again 
brought it to a sub-zero temperature, dropped 150 ml of DMF and dropped 13.64 g (0.135 
mol) of triethyl amine. Next, we added 4.78 g (0.010 mol) of Boc-Arg (Tos) Gly-OH, 
1.47 g (0.01 1 mol) of HOBt, 1.69 g (0.01 1 mol) of WSC at a sub-zero temperature and 
stirred it for 30 minutes. Then, we stirred it at room temperature for 3.5 hours. We poured 
the reaction solution into 2.5 liters of 1 % brine and stirred it for 30 minutes at a sub-zero 
temperature, filtered out the precipitate, washed it with water and then with ether, dried it 
and obtained 18.0 g of the compound indicated in the title. 

[0019] 

d) Boc-Arg (Tos) Gly-(Asp (OcHex) Thr (Bzl) Arg (Tos) Gly) 2 -OH 

We dissolved 17.52 g (8.3 mmol) of compound (c) in Practical Embodiment 1 in 
450 ml of 90 % aqueous acetic acid. We added 7.0 g (0.415 mol) of zinc powder in three 
batches at five minute intervals at a sub-zero temperature. We returned this to room 
temperature and stirred it vigorously. One hour later, we carried out "selite" filtration of 
the reaction solution and poured the filtrate into 2.5 liters of 1 % brine. We stirred this at 
a sub-zero temperature and then filtered out the precipitate. We washed it with water and 
then with ether and dried it. We obtained 18.7 g of the compound indicated in the title 
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[0020] 

e) Boc-Arg (Tos) Gly-( Asp(OcHex) Thr (Bzl) Arg (Tos) Gly) 4 -OH 

We dissolved 13.79 g (7.9 mmol) of the compound (a) in Practical Embodiment 1 
in 100 ml of acetonitrile and dropped 15.17 g (0.158 mol) of methane sulfonic acid at a 
sub-zero temperature and then stirred for one hour at room temperature. We returned it 
to a sub-zero temperature and dropped 20 ml of DMF and then dropped 15.16 g (0.150 
mol) of triethyl amine. Next, we added 16.5 g (8.3 mmol) of the compound in (d) in 
Practical Embodiment 1, 1.23 g (9.1 mmol) of HOBt and 1.41 g (9.1 mmol) of WSC at a 
sub-zero temperature. We stirred it for 30 minutes and stirred it for 1.5 hours at room 
temperature. We poured the reaction solution into 2.5 liters of 1 % brine and stirred it for 
30 minutes at a sub-zero temperature and filtered out the precipitate. We washed it with 
water and then with ether, dried it and obtained 29.2 g of the compound indicated in the 
title. 

[0021] 

f) Boc-Arg (Tos) Gly-(Asp(OcHex) Thr (Bzl) Arg (Tos) Gly) 4 -OH 

We dissolved 28.97 g (8 mmol) of the compound (e) in Practical Embodiment 1 
in a mixed solvent made up of 1.3 liter of 90 % aqueous acetic acid and 250 ml of 
trifluoro ethanol. We added 104 g (1.6 mol) of zinc powder in three batches at five 
minute intervals at room temperature, heated this to 45° and stirred it vigorously for two 
hours. We carried out "selite" filtration and dropped the filtrate in 2.5 liter of 1 % brine 
and stirred it at a sub-zero temperature. Then, we filtered out the precipitate, washed it 
with water and then with ether. We dried it and obtained 22.2 g of the compound 
indicated in the title. 

[0022] 

g) Boc-(Arg (Tos) Gly Asp (OcHex) Thr (Bzl)) 5 OBzl 

We dissolved 1.91 g (3.2 mmol) of the Boc-Asp (OcHex) Thr (Bzl)-OBzl in 100 
ml of acetonitrile. We dropped 2.46 g (22.4 mmol) of methane sulfonic acid at a sub-zeSro 
temperature and then stirred it for one hour at room temperature. We again brought it to a 
sub-zero temperature and dropped 225 ml of DMF and 25 ml of N-methyl-2- 
pyrrolidinone and again dropped 1.94 g (19.2 mmol) of trimethyl amine. Next, we added 
12.0 g (3.4 mmol) of compound (f) in Practical Embodiment 1, 0.5 5 g (4.0 mmol) of 
HOBt and 0.64 g (4.0 mmol) of WSC at a sub-zero temperature. We stirred this for 30 
minutes and then stirred it for 3 hours at room temperature. We poured the reaction 
solution in 2 liter of 1 % brine and stirred it for 30 minutes at a sub-zero temperature. We 
filtered out the precipitate and washed it with water and then with ether. We dried it and 
obtained 12.4 g of the compound indicated in the title. 

[0023] 

h) (Arg-GIy-Asp-Thr)s 

We subjected 160 ml of anhydrous hydrogen fluoride to reduced pressure in the 
presence of 25 ml of anisole and 7 ml of methyl ethyl sulfide and added 6.0 g of the 
compound (g) in Practical Embodiment 1. We processed this for 1.5 hours at -20°C and 
for 22 hours at 0°C. We removed the hydrogen fluoride while at reduced pressure at 0° 
and triturated the residue with ether. We dissolved the resulting solid in 5 % aqueous 



acetic acid, filtered out the insoluble matter, freeze-dried the filtrate and obtained 3,70 g 
of the compound in the title in the form of a rough product. We refined this rough product 
using reverse phase HPLC (column: YMC-ODS, 50 mmg> x 500 mm, 15 to 30 flow 
rate: 15 ml/min.; detection wavelength: 220 nm; effluent: (A) water -0.1 % trifluoro 
acetic acid; (B) acetonitrile -0.1 % trifluoro acetic acid; gradient: (B) 0 % — * (180 
minutes) 6 % — ► (240 minutes) 10 %); and we obtained 870 mg of the compound 
indicated in the title (HPLC area ratio of 97,2 %). 
MS (FAB) m/e 2166 (M + H+) 

Amino acid analytical values: Asx (4.83), Gly* (5.00), Arg (4.79), Thr (4.75) [Gly* 

were calculated as the standard]. 

Reverse phase HPLC 

Column: YMC-ODS, 5 n 

4.6 mmf) x 250 mm 

Effluent: gradient 

Solution A: water - 0.1 % trifluoro acetic acid 
Solution B: acetinitrile - 0.1 % trifluoro acetic acid 
Initial concentration of Solution B: 7 % 
Concentration gradient: 0.5 % / minute 
Flow rate: 1 ml/minute 
Detection wavelength: 220 nm 
Retention time: 12.55 minutes 

[0024] Practical Embodiment 2 

Producing (Arg-Gly-Asp-Thr)n 

a) Boc-(Asp (OcHex) Thr (Bzl) Arg (Tos) Gly) 2 -Asp (OcHex) Thr (Bzl) - 
Bzl 

We dissolved 2.39 g (4.0 mm) of Boc-Asp (OcHex) Thr (Bzl in 30 ml of 
acetonitrile and dropped 3.08 g (32 mmol) of methane sulfonic acid at a sub-zero 
temperature. Then, we stirred it for one hour at room temperature. We again brought it to 
a sub-zero temperature and dropped 50 ml of DMF. We dropped 2.83 g (28 mmol) of 
triethyl amine. Next, we added 6.85 g (4. 2 mmol) of the compound in Practical 
Embodiment 1 (b), 654 mg (4.8 mmol) of HOBt, 841 mg (4.8 mmol) of WSC) at a sub- 
zero temperature and stirred it for 30 minutes. Then, we stirred it for 3 hours at room 
temperature. We poured the reaction solution in 700 ml of 1 % brine and stirred it for 30 
minutes at a sub-zero temperature. Then, we filtered out the precipitate, washed it in 
water and then in ether and dried it. We obtained 7.65 g of the compound indicated in the 
title. 

[0025] 

b) Boc-(Asp)OcHex) Thr (Bzl) Arg (Tos) Gly) 4 -Asp (OcHex) Thr (Bzl)-OBzl 

We suspended 7.95 g (3.8 mmol) of the compound in Practical Embodiment 2 (a) 
in 70 ml of acetonitrile and dropped 5.80 g (60.3 mmol) of methane sulfonic acid at a 
sub-zero temperature. Then, we stirred it for one hour at room temperature. We again 
brought it to a sub-zero temperature and dropped 120 ml of DMF and dropped 5.72 g 
(56.6 mmol) of triethyl amine. Next, we added 6.45 g (4.0 mmol) of the compound in 
Practical Embodiment 1 (b), 616 mg (4.6 mmol) of HOBt and 708 mg (4.6 mmol) of 



WSC. We stirred this for 30 minutes and then stirred it for 3.5 hours at room 
temperature. We poured the reaction solution into 1600 ml of 1 % brine and stirred it for 
30 minutes at a sub-zero temperature and filtered out the precipitate. We washed it with 
water and then with ether, dried it and obtained 13.1 g of the compound indicated in the 
title. 

[0026] 

c) Boc-(Asp(OcHex) Thr (Bzl) Arg (Tos) Gly 5 -Asp (OcHex) Thr (Bzl)-OBzl 

We suspended 13.0 g (9.0 mmol) of the compound in Practical Embodiment 2 (b) 
in 70 ml of acetonitrile. We dropped 7.25 g (1 1 1 mmol) of methane sulfonic acid at a 
sub-zero temperature and then stirred it for one hour at room temperature. We again 
brought it to a sub-zero temperature and dropped 100 ml of N-methyl-2-pyrrolidinone 
and dropped 10.9 g (108 mmol) of triethyl amine. Next, we added 6.15 g (3.8 mmol) of 
the compound in Practical Embodiment 1 (b), 587 mg (4.3 mmol) of HOBt and 675 mg 
(4.3 mmol) of WSC. We stirred it for 30 minutes and then stirred it for four hours at room 
temperature. We poured the reaction solution into 1.6 liter of 1 % brine and stirred it for 
30 minutes at a sub-zero temperature. Then we filtered out the precipitate, washed it with 
water and then with ether, dried it and obtained 16.3 g of the compound indicated in the 
title. 

[0027] 

d) H-(Asp(OcHex) Thr (Bzl) Arg (Tos) Gly) 6 -Asp (OcHex) Thr (Bzl)-OBzl 

We suspended 16.0 g (3.1 mmol) of the compound in Practical Embodiment 2 (c) 
in 130 ml of trifluoro acetic acid and stirred it for 3.5 hours at a sub-zero temperature. 
We poured the reaction solution into 1 liter of ether at a sub-zero temperature, stirred it 
for 30 minutes and filtered out the precipitate. We dissolved this precipitate in 300 ml of 
DMF and dropped 3.16 g (31 mmol) of triethyl amine at a sub-zero temperature. Then, 
we stirred it for 30 minutes. We poured the reaction solution into 1.5 liter of 1 % brine 
and stirred it for 30 minutes. We filtered out the precipitate, washed it with water and v 
then with ether, dried it and obtained 15.0 g of the compound indicated in the title. 

[0028] 

e) Boc«(Arg(Tos) GlyAsp (OcHex) Thr (Bzl)i 3 -OBzl 

We dissolved 10.4 g (2.96 mmol) of the compound in Practical Embodiment 1 (f) 
and 14.90 g (2.96 mmol) of the compound in Practical Embodiment 2 (d) in a mixed 
solvent of 200 ml of DMF and 200 ml of N-methyl pyrrolidinone and added 485 mg 
(3.59 mmol) of HOBt and 690 mg (3.59 mmol) of WSC • HC1 at 5 to 10°C and stirred 
this for 3 hours at room temperature. We poured the reaction solution into 3 liters of 1 % 
brine and stirred it for 30 minutes at a sub-zero temperature. Then, we filtered out the 
precipitate, washed it with water and then with ether, dried it and obtained 22.6 g of the 
compound indicated in the title. 

[0029] 

f) (Arg-Gly-Asp-Thr)n 

We carried out the same processing as in Practical Embodiment 2 (e) and added 
7.50 g of the compound in Practical Embodiment 2 (e) to while subjecting 80 ml of 
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anhydrous hydrogen fluoride to reduced pressure in the presence of 12 ml of anisole and 
2 ml of methyl ethyl sulfide at -78°C and obtained 4.50 g of the rough product compound 
indicated in the title. 

[0030] 

Practical Embodiment 3 

Producing (Arig-Cly-Asp-Thr) 7 

We dissolved 1.22 g (0.24 mmol) of a) Boc-(Arg(Tos)GlyAsp(OcHex) Thr 
(Bzl)) 7 -OBzl and 129 mg (0.27 mmol) of Boc-Arg (Tos)Gly-OH in a mixed solvent of 
5 ml of DMF and 25 ml of N-methy-2-pyrrolidinone and added 39 mg (0.29 mmol) of 
HOBt and 56 mg (0.29 mmol) of WSC • HC1. We stirred this for 30 minutes and then 
stirred it for 4.5 hours at room temperature. We poured the reaction solution into 300 ml 
of 1 % brine, stirred it for 30 minutes at a sub-zero temperature and then filtered out the 
precipitate. We washed it in water and then in ether, dried it and obtained 1.23 g of the 
compound indicated in the title. 

[0031] 

b) (Arg-Gly-Asp-Thr) 7 

We carried out the same processing as in Practical Embodiment 1 (f) and added 
1.23 g of the compound in Practical Embodiment 3 (a) and subjected 40 ml of anhydrous 
hydrogen fluoride to reduced pressure in the presence of 6 ml of anisole and 1.5 ml of 
methyl ethyl sulfide at -78°C and obtained 728 mg of a rough product of the compound 
indicated in the title. We refined 728 mg of the rough product using reverse phase HPLC 
(column : YMC-ODS 30 mm<p x 250 mm, 15 to 30 flow rate: 7 ml/min; detection 
wavelength : 220 nm; effluent : (A) water - 0.1 % trifluoro acetic acid (B) acetonitrile to 
0.1 % trifluoro acetic acid; gradient : (B) 0 % — » (180 minutes) 7 % — ► (60 minutes) 10 % 
— ► (120 minutes) 14 %) and obtained 191 mg of the compound indicated in the title 
(HPLC surface ratio of 95.5 %). 
MS (FAB) m/e 3025 (M+lT) 

Amino acid analytical values : Asx (7.17), Gly* (7.00); Arg (7.11), Thr (7.10) [Gly* 
were calculated as standards] 
Reverse phase HPLC 

Analytical conditions: same as Practical Embodiment 1 
Retention time: 14.92 minutes 

[0032] 

Practical Embodiment 4 

Producing (Arg-Gly-Asp-Thr)3 

a) Boc-(Arg(Tos)GIy Asp(OcHex) Thr (Bzl)) 3 -OBzl 

We suspended 1.80 g (0.85 mmol) of the compound in Practical Embodiment 2 
(a) and dropped 1.23 g (12.8 mmol) of methane sulfonic acid at a sub-zero temperature. 
Then we stirred it for 3.5 hours at room temperature. We again brought it to a sub-zero 
temperature and dropped 1.21 g (21 mmol) of triethyl amine. Next, we added 433 mg 
(0.90 mmol) of Boc-Arg (Tos) Gly-OH, 138 mg (1.02 mmol) of HOBt and 159 mg (1.02 
mmol) of WSC. We stirred this for 30 minutes and stirred it for 3 hours at room 
temperature. We poured the reaction solution into 300 ml of 1 % brine and stirred it for 
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30 minutes at a sub-zero temperature. We filtered out the precipitate, washed it with 
water and then with ether, dried it and obtained 2.03 g of the compound indicated in the 
title. 

[0033] 

b) (Arg-Gly-Asp-Thr) 3 

We carried out the same processing as in Practical Embodiment 1 (f) and added 
1.80 g of the compound in Practical Embodiment 4 (a) and subjected 40 ml of anhydrous 
hydrogen fluoride to reduced pressure in the presence of 6 ml of anisole and 1.5 ml of 
methyl ethyl sulfide at -78°C and obtained 1.00 go the rough product. We refined 1.00 g 
of this rough product twice in the same way as in Practical Embodiment 3 (b) using 
reverse phase HPLC (unlike Practical Embodiment 3 (b) only for the gradient conditions, 
(B) 0 % (180 minutes) 1 1 % -» (120 minutes) 15 %) and obtained 143 mg of the 
compound indicated in the title (HPLC surface ratio of 97.4%). 
MS (SIMS) m/e 1306 (M+H+) 

Amino acid analytical values: Asx (3.03), Gly* (3.00), Arg (2.99), Thr (3.03) [Gly* 
calculated as standard]. 
Reverse phase HPLC 

Analytical conditions: same as Practical Embodiment 1 
Retention time: 7.75 minutes 

[0034] Practical Embodiment 5 
Producing (Arg-Gly-Asp-Thr)9 
a) Boc-(Arg(Tos) Gly Asp (OxHex) Thr (Bzl)) 9 -OBzI 

We dissolved 629 mg (0.32 mmol) of the compound in Practical Embodiment 1 (d) 
and 1.51 g (0.30 mmol) of the compound in Practical Embodiment 2 (d) in 40 ml of 
DMF. We added 49 mg (0.36 mmol) of HOBt and 69 mg (0.36 mmol) of WSC • HC1 at a 
sub-zero temperature and reacted this for four hours at room temperature. We poured the 
reaction solution into 300 ml of 1 % brine and stirred it for 30 minutes at a sub-zero * 
temperature. We filtered out the precipitate, washed it with water and then with ether, 
dried it and obtained 1.83 g of the compound indicated in the title. 

[0035] b) (Arg-Gly-Asp-Thr) 9 

We carried out the same processing as in Practical Embodiment 1 (f) and added 
1.50 g of the compound in Practical Embodiment 5 (a) and subjected 40 ml of anhydrous 
hydrogen fluoride to reduced pressure in the presence of 6 ml of anisole and 1.5 ml of 
methyl ethyl sulfide at -78°C and obtained 940 mg of this rough product. We refined 
440 mg of this rough product using reverse phase HPLC in the same way as in Practical 
Embodiment 3 (b) (only the gradient conditions are different from Practical Embodiment 
3 (b), (B) 0 % -> (180 minutes) 8 % -> (180 minutes) 17 %) and we obtained 74 mg of 
the compound indicated in the title. (HPLC surface ratio of 100 %). 
MS (FAB) m/e 3884 (M + H*) 

Amino acid analytical values: Asx (9.24), Gly* (9.00); Arg (9.32), Thr (9.39) [Gly* is 
calculated as standard] 
Reverse phase HPLC 

Analytical conditions: the same as for Practical Embodiment 1 
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Retention time: 16.06 minutes 



[0036] Practical Embodiment 6 

3,4-bis-methoxy polyethylene glycol hydrocinnamic acid modification 

(ArgGlyAspThr) 22 " 

We dissolved 300 mg of the (ArgGlyAspThr)n produced in Practical 
Embodiment 2 (f) in 30 ml of a 0.1 M boric acid buffer solution (pH 8.21) and then added 
2.53 g (4 eq. relative to amino group) of 3,4-bis-methoxy polyethylene glycol 
hydrocinnamic acid N-hydroxy succinimide ester (mean molecular weight of 
approximately 10000) and stirred it for two hours at room temperature. We adjusted the 
pH to 5.0 using 1 N hydrochloric acid. Then, we filtered out the insoluble matter using a 
membrane filter (0.45 /x m) and diluted this with distilled water so that the overall 
capacity was 150 ml. We refined this solution using reverse phase HPLC in the same way 
as in Practical Embodiment 1 (b) (however, the gradient conditions are as follows: (B) 0 
% -* (60 minutes) 30 % — ► (180 minutes) 35 % -* (120 minutes). We freeze-dried the 
desired fraction and obtained 495 mg of the compound indicated in the title. 

[0037] Amino acid analytical values: Asx (11.0), Gly* (11.0), Arg (10.8), Thr (10.3) 

* Standard amino acid 

Reverse phase HPLC 

Column: YMC-ODS, 5 // 

4.6 mm^ x 250 mm 

Effluent: gradient 

A solution: water - 0.1 % trifluoro acetic acid 

B solution; acetonitrile - 0.1 % trifluoro acetic acid 

Initial B solution concentration: 30 % 

Concentration gradient: 1 % /minute 

Flow rate: 1 ml / minute 

Detection wavelength : 10 nm 

Retention time: 16.35 minutes 

GPC 

Column : TSK gel G3000S W 

7.5 mmcp x 600 mm (manufactured by Toso Ltd.) 

Effluent: 0.2 M brine .(containing 5 % ethanol) 

Flow rate: 0.6 ml/minute 

Detection wavelength: 10 nm 

Retention time: 25.63 minutes 

[0038] Practical Embodiment 7 

3.4-bis-methoxy polyethylene glycol hydrocinnamic acid modification 
(ArgGlyAspThr)s 

We dissolved 141 mg of the (ArgGlyAspThr) prepared in Practical Embodiment 1 
(h) in 14.1 ml of 0.1 M boric acid buffer solution (pH 9.21). Then we added 1.96 g (3 eq. 
relative to amino group) of 3,.4-bis-methoxy polyethylene glycol hydrocinnamic acid N- 
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hydroxy succinimide ester (mean molecular weight of approximately 10000) and stirred 
it at room temperature for two hours. We adjusted the pH to 5.0 using 1 N hydrochloric 
acid and then filtered out the insoluble matter using a membrane filter (0.45 fx m). Then 
we diluted it in distilled water so that the overall capacity was 100 ml. We refined this 
solution using reverse phase HPLC in the same way as in Practical Embodiment 1 (b) 
(however, the gradient conditions were as follows: (B) 0 % -+ (60 minutes) 33 % — > (120 
minutes) 39 %) and freeze-dried the desired fraction and obtained 495 mg of the 
compound indicated in the title. 

[0039] Amino acid analytical values: Asx (5.03), Gly* (5.00), Arg (5.08), Thr (4.76). 
^Standard amine acid 
Reverse phase HPLC 

Analytical conditions are the same as for Practical Embodiment 6 

Retention time: 17.65 minutes 

GPC 

Analytical conditions are the same as for Practical Embodiment 6 
Retention time: 26.00 minutes 

[0040] Practical Embodiment 8 

3.4-bis-methoxy polyethylene glycol hydrocinnamic acid modification 
(ArgGlyAspThr) 3 

We dissolved 200 mg of the (ArgGlyAspThr) 3 prepared in Practical Embodiment 
4 (b) in 20 ml of a 0.1 M boric acid buffer solution (pH 8.21). Then, we added 4.59 g (3 
eq. relative to amino group) of 3,4-bis-methoxy polyethylene glycol hydrocinnamic acid 
N-hydroxy succinimide ester (mean molecular weight of approximately 10000) and 
stirred this for 3 hours at room temperature. We adjusted this to pH 5.0 using 1 N 
hydrochloric acid and then filtered out the insoluble matter using a membrane filter (0.45 
fx m ). We diluted this with distilled water so that the overall capacity was 160 ml. We 
refined this solution using reverse phase HPLC just as we did in Practical Embodiment v l 
(h) (however, the gradient conditions were as follows : (B) 0 % — > (60 minutes) 30 % —» 
(120 minutes) 37 % — ► (60 minutes) 40 % -» (60 minutes) 52 %), we freeze-dried the 
desired fraction and obtained 250 mg of the compound indicated in the title. 
Amino acid analytical values: Asx (2.81), Gly* (3.00), Arg (2.88), Thr (2.72) 
* Standard amino acid 
Reverse phase HPLC 

Analytical conditions were the same as in Practical Embodiment 6 

Retention time: 18.65 minutes 

GPC 

Analytical conditions were the same as in Practical Embodiment 6 
Retention time: 26.28 minutes 

[0041] Practical Embodiment 9 

3,4-bis-methoxy polyethylene glycol hydrocinnamic acid modification 
(ArgGlyAspThr) 7 

We dissolved 192 mg of the (ArgGlyAspThr) 7 prepared in Practical Embodiment 
3 (b) in 19.2 ml of a 0.1 M boric acid buffer solution (pH 8.21) and then added 2.54 g (4 
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eq. relative to amino group) of 3.4-bis-methoxy polyethylene glycol hydrocinnamic acid 
N-hydroxy succinimide ester (mean molecular weight of approximately 10000) and 
stirred it for 2 hours at room temperature. We adjusted it to pH 5.0 using 1 N 
hydrochloric acid, filtered out the insoluble matter using a membrane filter (0.45 /an). We 
diluted it so that the overall capacity was 70 ml. We refined this solution using reverse 
phase HPLC just as in Practical Embodiment 1 (h) (however, the gradient conditions 
were as follows : (B) 0 % -> (60 minutes) 35 % — ► (300 minutes) 45 %) and freeze-dried 
the desired fraction and obtained 188 mg of the compound indicated in the title. 
Amino acid analytical values: Asx (7.01), Gly* (7.00), Arg (7.02), Thr (6.81) 

* Standard amino acid 
Reverse phase HPLC 

Analytical conditions were the same as in Practical Embodiment 6 

Retention time: 17.21 minutes 

GPC 

Analytical conditions were the same as in Practical Embodiment 6 
Retention time: 25.88 minutes 

[0042] Practical Embodiment 10 

Succinic acid monomethoxy polyethylene glycol modification (ArgGlyAspThr)u 

We dissolved 350 mg of the (ArgGlyAspThr)n prepared in Practical Embodiment 
2 (f) in 35 ml of a 0.1 M boric acid buffer solution (pH 8.21). Then, we added 1.85 g (5 
eq. relative to amino group) of succinic acid monomethoxy polyethylene glycol N- 
hydroxy succinimide ester (mean molecular weight of approximately 5000) and stirred it 
for 2 hours at room temperature. We adjusted it to pH 5.0 using 1 N hydrochloric acid 
and then filtered out the insoluble matter using a membrane filter (0.45 //m). We diluted it 
with distilled water so that the overall capacity was 70 ml. We refined this solution using 
reverse phase HPLC just as we did in Practical Embodiment 3 (b) (however, the gradient 
conditions were as follows: (B) 0 % -> (60 minutes) 30 % -» (120 minutes) 36 % -► 
(120 minutes) 46 %), freeze-dried the desired fraction and obtained 495 mg of the 
compound indicated in the title. 

Amino acid analytical values: Asx (10.2 ), Gly (11.0), Arg (10.3), Thr (10.1) 

* Standard amino acid 
Reverse phase HPLC 

Analytical conditions were the same as in Practical Embodiment 

Retention time: 12.83 minutes 

GPC 

Analytical conditions were the same as in Practical Embodiment 6 
Retention time: 28.62 minutes 

[0043] Practical Embodiment 11 

Succinic acid monomethoxy polyethylene glycol modification ( ArgGlyAsp Thr) 5 

We dissolved 300 mg of the (Arg Gly Asp Thr) 5 prepared in Practical 
Embodiment 1 (h) in 30 ml of a 0.1 M boric acid buffer solution (pH 8.21). Then, we 
added 3.48 g (5 eq. relative to amino group) of succinic acid monomethoxy polyethylene 
glycol N-hydroxy succinimide ester (mean molecular weight of approximately 5000) and 
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stirred it for two hours at room temperature. We adjusted it to pH 5.0 using 1 N 
hydrochloric acid and then filtered out the insoluble matter using a membrane filter 
(0.45 jim) and diluted it with distilled water so that the overall capacity was 100 ml. We 
refined this under the same conditions as in Practical Embodiment 10 using reverse phase 
HPLC, freeze-dried the desired fraction and obtained 581 mg of the compound indicated 
in the title. Amino acid analytical values: Asx (4.53), Gly* (5.00), Arg (4.51), Thr 
(4.62). 

^Standard Amino acid 
Reverse phase HPLC 

Analytical conditions were the same as in Practical Embodiment 6 

Retention time: 14. 23 minutes 

GPC 

Analytical conditions were the same as in Practical Embodiment 6 
Retention time: 29.28 minutes 

[0044] Practical Embodiment 12 

Succinic acid monomethoxy polyethylene glycol modification (Arg Gly Asp Thrfe 

We dissolved 120 mg of the (Arg Gly Asp Thr)3 which we prepared in Practical 
Embodiment 4 (b) in 12 ml of a 0.1 M boric acid buffer solution (pH 8.21). Then we 
added 2.30 g (5 eq. relative to amino group) of succinic acid monomethoxy polyethylene 
glycol N-hydroxy succinimide ester (mean molecular weight of approximately 5000) and 
stirred it for 3 hours at room temperature. We adjusted it to pH 5.0 using 1 N 
hydrochloric acid an then filtered out the insoluble matter using a membrane filter 
(0.45 pi m). Then we diluted it with distilled water so that the overall capacity was 100 
ml. We refined this using reverse phase HPLC (however, the gradient conditions were as 
follows: : (B) ) 0 % — ► (60 minutes) 35 % (120 minutes) 41 % (120 minutes) 51 %) 
just as we did in Practical Embodiment 3 (b), freeze-dried the desired fraction and 
obtained 236 mg of the compound indicated in the title. 

Amino acid analytical values: Asx (2.88), Gly* (3.00), Arg (2.92), Thr (2.83) < 
^Standard amino acid 
Reverse phase HPLC 

Analytical conditions were the same as in Practical Embodiment 6 

Retention time: 16.55 minutes 

GPC 

Analytical conditions were the same as in Practical Embodiment 6 
Retention time: 29.58 minutes 

[0045] Practical Embodiment 13 

Succinic acid monomethoxy polyethylene glycol modification (Arg Gly Asp Thr) 7 

We dissolved 169 mg of the (Arg Gly Asp Thr)7 prepared in Practical 
Embodiment 3 (b) in 16.9 ml of a 0.1 M boric acid buffer solution (pH 8.21) and added 
1.40 g (5 eq. relative to amino group) of the succinic acid monomethoxy ethylene glycol 
N-hydroxy succinimide ester (mean molecular weight of approximately 5000) and stirred 
it for 3 hours at room temperature. We adjusted it to pH 5.0 using 1 N hydrochloric acid 
and filtered out the insoluble matter using a membrane filter (0.45 ju m) and diluted it 
with distilled water so that the overall capacity was 100 ml. We refined this using reverse 
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phase HPLC just as we did in Practical Embodiment 3 (b) (however, the gradient 
conditions were as follows: (B) 0 % -* (60 minutes) 30 % (360 minutes) 42 % -» (60 
minutes) 48 %), freeze-dried the desired fraction and obtained 204 mg of the compound 
indicated in the title. 

Amino acid analytical values: Asx (7.28), Gly* (7.00), Arg (7.09), Thr (6.72) 
* Standard amino acid 
Reverse phase HPLC 

Analytical conditions were the same as for Practical Embodiment 6 

Retention time: 13.92 minutes 

GPC 

Analytical conditions were the same a in Practical Embodiment 6 
Retention time: 29.01 minutes 

[0046] Practical Embodiment 14 

Cancer Metastasis Inhibition Action of (Arg-Gly-Asp-Thr) n (n - 1,3,5, 7, 9,11) and 
poly (Arg-Gly-Asp-Thr) 

We studied the cancer metastasis inhibition activity of (Arg-Gly-Asp-Thr) n 
(n=l, 3,5,7,9, 11) which has a distinct molecular weight as well as the poly (Arg-Gly-Asp- 
Thr) which is the RGDT polymer prepared using the same method as that indicated in 
[Japanese] Laid-Open Patent Specification H2- 174798 and according to the method used 
by Saiki et al ([Japanese] Laid-Open Patent Specification H2-174798). This means that 
we studied the cancer metastasis inhibition action of these compounds in B16-BL6 
melanoma cells of mice using the peptide synthesized in Practical Embodiments 1,2,3,4 
and 5 and poly(Arg-Gly-Asp-Thr). First, we mixed these compounds with B16-B16 
melanoma cells (3 x 10 4 units; within 24 hour exponential growth period) as cancer cells 
with extremely strong metastasis characteristics of 500 fig each in PBS. Then, we 
administered 2 ml to a group consisting of five C57BL/6 male mice by intravenous 
injection. We counted the number of cancer colonies in the lungs of the mice 14 days 
after administration and compared these with a group administered PBS as a control. 
Results are indicated in Table 1. According to these results, metastasis of cancer to the 
lungs was markedly inhibited by administration of (Arg-Gly-Asp-Thr) n (n = 3,5,7,9, 11) 
and by poly (Arg-Gly-Asp-Thr). In addition, the metastasis of cancer to the lungs was 
inhibited more potently by the (Arg-Gly-Asp-Thr) n (n = 5, 7, 9, 1 1) than the poly (Arg- 
Gly-Asp-Thr). . 
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[0047] 
[Table 1] 

Inhibition Action of Peptides Regarding Experimental Metastasis of 
Cancer to Lungs Induced by Intravenous Injection to B16-LB16 Melanoma Cells 

Compound administered Dose Number of metastases to 

lungs 14 days later 



(fi g) Mean ± SD (range) 



PBS (unprocessed) 






46 ±6 (40 


-54) 


CRDGT) i 


5 0 0 


3 5 


±14 


(2 2 - 5 Z) 




(RDGT) » 


5 0 0 


3 0 


±1 0 


(16-4 6) 


* ' 


(RDCT) ... 


50 0 


14 


±4 


C 1 0 - 1 8 ) 


** 


CRDGT) j 


5 0 0 


1 2 


± 6 


C 6-2 2) 


* ' " 


(RDGT) t 


5 0 0 


1 6 


± 8 ■■ 


( 8-2 0) 


** 


CRDGT) u 


5 0 0 


14 


± © 


(1 0-20) 


»•■■ 


pbly (RDGT) 


5 0 0 


2 6 


±10 


(1 4 - 4 0) 


♦ ■'■ 



RGDT:Arg-Gly-Asp-Thr 
♦ : p : <0. 0 5. ,# :P < 0. 0 0 1 

[0048] Practical Embodiment 15 

Cancer Metastasis Inhibition Action of (Arg-Gly-Asp-Thr)n and Polymer Modifier 
Thereof 

We studied the cancer metastasis inhibition action of these compounds for the 
mouse B16-BL6 melanoma cells using the peptides synthesized in Practical 
Embodiments 2, 6 and 10 as well of the polymer modified peptide. First, we mixed 
40,200 and 1000 jug (amount of protein contained) of these compounds with respectively 
3 x 10 4 B16-BL6 melanoma cells in PBS. Then we administered [the drug] to C57 BIV6 
mice using the same method as in Practical Embodiment 15 and studied the cancer 
metastasis inhibition effect. Results are indicated in Table 2. As can be readily seen from 
the Table, the metastasis of cancer to the lungs was more potently inhibited by 
administering the polymer modifier than by administering the (Arg-gly-Asp-Thr)n. 
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[0049] 
[Table 2] 

Inhibition Action of Peptide and Polymer Modified Peptide 
on Experimental Metastasis of Cancer to Lungs Induced 
by Intravenous Injection of B16-B16 Melanoma 

Compound administered Dose Number of metastases to 

lungs 14 days later 

(ji g) Mean ± SD (range) 

190 ± 47 (48 - 85) 

1 0±5 (0-1 4) * 
1 2 7± 2 8 ( 1 0 1 - 1 6 8) 
1 5 6* 3 4 ( 1 2 6 - 1 9 4) 

5 Oil 2 ( 3 8 - 6 4 ) * 
1 1 8±4 3 (T 0 - I T 2) 

■ 0 ' • •' ' • 

6 8 + 8 (5 7 - 7 8 ) ' 
12 5± 1 1 ( 1 2 6 - 1 4 0) 
1 1 2 ± 3 6 (7 8 - 1 4 5 ) 



(RGDT)u: : (Arg-Gly-Asp-Thr)n, synthesized in Practical Embodiment 2 
PEG2 - (RGDT)n : synthesized in Practical Embodiment 6 
PEG - (RGDT)n: synthesized in Practical Embodiment 10 
*:P< 0.001 



PBS (unprocessed) 

(RCDT) i ■ 1 0 0 0 

2 0 0 

■40 

PEG2 - 10 0 0 

(RGDT) 1 1 2 0 0 

'.' : 4 0 

PEG- 10 0 0 

(RGDT) ii 20 0 

• 4 0 

PEG 2 3 0 0 0 



[Translator's note: the items appearing here have been moved to the first page for 
continuity.] 
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* k«. xmAV)'*?? vis^im^&m^^f- fb, 

0. 2 <i g/kq-4 0 0 mg/kq©$EH"C, ffitf. 
ttSSKS-^TiftSSh. 1 H 1 Bfrfe'ttBtCfttt? 

[ 0 0 l 5 ] 

[Hftffl ] «T©3S»We J: »j £ 9 Jlttf&lcK 

*ftWBCh6KJ:-i»-CWR8'h4fc©rtt 
ftt,\ ft*. aT©Htfe«K*»l»T. -<;*>F*fc«* 
ft=s->m^ 7'1- F©7 5 ^ ttatftf iB, Ctih^^ 
F * fcBW^f ttHf^^f - F©«»i» ( 6 NfeBft- 7 
1 1 QIC. 2 4 3lfl£9ft©&flW) 

B o c : -"OiArt/tf *->#Jl/#xj|/ 

cHex : is&W^^i/Jb 

Bz 1 : "OS'JW 

To s : p - H;Vx>^;W*i;U 

Pa c : ^x^i/JW 

[ooi6] mmm 1 

(A r g-G 1 y-A s p-Th r) , ©HK 
a ) Boc-(Asp(0cHex)Thr(Bz1)ArqCTos)C1v) , -OPac 
Boc-Asp(OcHex)Thr(Bz1)ArqCTos)Cnv-OPacl 7. 2 4 g 
(0. 0 1 7mo 1 ) £7-feh-hy*7 0imK:*gA? 
U *»T^*>^^*>BI1 3. 36g.(0. 139 
mo 1 ) £aSTLfc©fe. MIT 1 l*IMM*l/fc. Wtf 
*&U DMF 7 OnrtifiTFl/* 3 h& b ') x**7 5 
>1 2. 3g (0. 020mol) iWTblt. 
"C, Boc-Asp(0cHex)lhr(B2l)ArqCTos)Cly-0H 16. 0 
t (0. 0 18mol). l-fc.Fn+S/'<>7byT 
7-JW (tiTHOB t tWt> 2 : 7 2 g ( 0 . 0 2 0 
mol). 1 -x^JU-3- (3-i?->«9 L ;UT5^7'P 
f;M -*;V#y-fS F (UTFWSCi^BS) 3. 1 2 
g (0. 0 2 0mol)t*»TT»*, 3 0^JgJ¥L 

i/, *ttai-f-*"C8». laii/rfaifk^fliso. 

2 g ?:f#fc„ 
[0017] 

b ) Boc-CAsp(OcHex)ThrCBzl)Arqaos)Cnv) , -OH 



(0. 



0 1 8mo 



mBmi (a)©fb^«3 0. 80 g 
1 ) £9 0 %$m2 0 OmKtigJRU 
7. 2g(0. 883mol) *3li(C^WC5^c:i 

f , *&Tt:-®#Ofc©%tti&&£*BlU 7Ki5fef*. x 
- f ^-ca#. L/ "C^glf b£W 2 7 . 1 g «:»»:. 
[0018] 



HJSWl (a) 
1 ) ftr-b F- 



c) Boc-ArqCTos)Clv-(AspCOcHex)Thr(Bzl)ArqCTos)ClY) > -OPac 

r, 7 5g(9, Omm o >^;U*>ffl{13. 8 2g(0. 1 4 4 m o 1 ) %WiT 

•JJH 5 0mUCS«fL. JK»T. 50 Uc©*i. Sjari«FlW««il/fc. DMF 



©ft£ttl 



11 



(7) #^5-170 79 6 

12 

* tf Uc<D*> . 3 . 5 B$IH8ttl/fc. filfcitt* 1 % 

&*£tJ<2. 5 1tpK#*. 7KtfTFT3 0#8!Jm ttft 

[0019] 

-OH 



1 5 OmlSrTiSTU. $6«C h >Ji?Jl'75>l 3. 6 
4 g (0 . 1 3 5m o 1 £?l~FLfc. Boc^Ar 
qCTos)Cly-OH 4. 78g (0. OlOraol). HO 
Bt 1 . 4 7 g (0. 0 1 1 mo 1 ) , WSC 1 . 6 
9g(0. Ollmol) **»Tflll*.. 3 0£M1R* 

d) Boc-ArqCTos)Clv-(Asp(OcHex)Thr(Bzl)Arq(Tos)Gly) , 
13601 1 (c)©it^tta7. 52g (8. 3mmo *£HZ7-f hMU. «£l%Ai£7K2. 5 lHUCS 
1 ) *9 0«BBWc4 5 OaUCJSJBU *&TE«8*2 S\ *»Tr«Wbfc©5tt»tt*iMlU 

7. Og (0. 4 1 5n>o 1 *3Efc»WC5^i:ik f^Tftj*. f£»OT. HSI-ft^l 8. 7g£fSfc. 
iJO*. SatcH l/CiftL> < SttPLfc. 1 BIHtt. £lSr£*io 10 0 2 0 ] 

e) Boc-ArgCTos)C1v-(Asp(OcHex)Thr(B2l)Arq(Tos)Glv) 4 -OH 



fdfeWl (a) ©i"t£#n 3- 79* (7. 9mmo 
1 ) &7-fe h lOU 0 OmlfcgSflSU *&T. * 
>X;W^>Stl5. 17g(0. 15 8mol)£iitT 

ucotMuvimram^btc. «ihk»u dmf2 

0ml, h Vx?)l7i> 1 5. 16g(0. 1 

5 0 m o 1 ) ZffiT l>tc. •o^^XXBsn 1 ( d ) Oit 
£$16. 5g (8. 3mmo 1 ) , HOB t 1 . 23* 



*g (9. lramol) , WSC 1 . 4 1 g (9. 1 m 

mo i) **»rcai*.. 3o»M»»Lfc©Mwe 

1. 5B$MiH#l/fc. Kit** lX£ia*2. 5 1*(C 

air, tK&t-c 3 o anat&a. aatatniRu 

[0 02 1] 



f ) Boc-ArqCTos)av-(Asp(0cHex)'nir(B2l)Arg(Tos)Cly) , -OH 



30 



Hifefi^l (e) ©<t£^28. 97g (8mmo 1 ) £ 
9 0*fiita*l, 3 it h ';7;l/^ai^y-JU2 5 0 
■10fi^fi«K«» L. gSr«S* 1 0 4 g ( 1 . 6 
molj 4 3@tt#WC. 5#C£K:j!j[]7l. 45*C&ctt 

X 2 B^P^iSt L < SB? Ofc. -fe 5 -f V SiS L . 
l%A£7k2. 5 l*fc}8TU 7K&TTfiJ¥Lfc©t 

ft£®2 2. 2gZfflc. 
[0 02 2] 

g) Boc-(Arq(TosDC1yAsp(OcHex)"Ibr(Bz1)) 5 -OBzl 
Boc-Asp(OcHex)"nir(Bz1)-OBzl 1. 9 1g (3. 2mm 
o 1 ) £7-fe h^-h y;H 0 0 rolK:?§fi¥ U tNTF^-* 
>*;P*>BS2. 4 6g(2 2. 4mm o 1 ) fcSSTL 
fc©fc, Sl"ClB||Hl«#Lfc. SCHM&U DMF 
22 5ml. N-^?Jl/-2-fO 'J5?y> 2 5 ml4r?Sj 
TO. ';i?;U75> 1.94g(19. 2 
mmo 1 ) £STLfc. -?-3l,>-t. ^JSlTfl 1 ( f ) <D\t 
£Va 12. 0g(3. 4mmol), HOBtO. 5 
5g (4 . Ommo 1 •),. WSC 0. 6 4 g (4. 0 
mmo 1 ) **#T"C»*.- 3O«tt(/k0i £ 

[002 3] 

h) (A r g-G ! y-Asp-Th r) , 
fgffiffll (g)©{t£$6. 0»ft7iV-^Z5ml. 
^?;Ui^jl/^^7 < K7ml©??aTM7K7 •WtTkS* 
16 0ml4iSET. "7 S'CXMx., -20VX1. 5 

n$ia. o'ct-2 2mm%mLtc. ^^t^ffiTo* 

a) Boc-(Asp(OcHex)Thr(Bz"l)Arq(Tos)G1y) 
Boc-Asp(OcHex)7hr(Bz1)-OBzl 2. 3 9e (4. Omni 50 o 



jffi&a&ttftU asi{b^©?14fiS;D D D 3. 7 o g 
t©ffl£l&& 3. 7 0 gfcittlHPLC (#5 
A:YMC-ODS 5 0 irm<f> X 5 0 0 mm. 15~30 
u ; ijfsa : 15 ml/m i n ; #.ffli&S : 2 2 0 n m : i& 
ta?K: <A)*-0. l^hy^JV^Di^K (B) 7 

h : (B) OX— (1 8080 6X- (240^) 1 0 
X) KJ:-9T»KbT:?*H4fc£*l 8 7 0mq?:?#/c 
(HPLCHiWH»*0 7. 2%) . 
MS (FAB) m/e 2 166 (M+H* 
7 5 ^BS^WffiS :Asx(4. 83). Gl 
00) . Ar g (4. 79) . Th r (4. 

i y- zmmtbxmiu) 

i3T>A : YMC-ODS. 5 u 
4. 6mm</>X2 5 0 mm 

mm-. ?7i;*>b 

AW.: 7^-0. 1 % b <)7)\>*uftWt 
B'<& : 7-fe 'h- H 1 % h y 7JV^oB^l$ 



) 

y* (5. 

75) CG 



40 



fflXBBflHIK: 7% 

?^S<£Ji3 : 0. 5X/8- 
iiSiffi : lniV# 

^ffl^S :22 0nm 
SJ^D^bI : 1 2. 5 58- 
[0 02 4]^JECT2 

(Arg-Gly-Asp-Thr) „©IH$!! 

-Asp(OcHex)Thr(Bz1)-OBzl 
) £7-b I- y^3 OmltCigASU ?K?%T>^> 



13 



(8) =8Bi¥5-l 70 7 96 

14 

* o 1 ) ft*»T"C/niL. 3 0#JS#Ufc©5. SifC3 
[0025] 



^JVrh>K3. 0 8 g (3 2m mo i ) &iiSTL//c© 
^. MST-mrBim^L/c. fftfzM&U DMF 5 0 
mlSriSTU S6CC h >)x.?fr7Z>2. 83g (2 8 
mmo 1 ) ?:rgTLfc 0 or3i>T. ^ttflll. (b) ©fb 
^6. 85g (4. 2mmol). HO B t 654 
mq(4. 8mmo 1 ) . WSC 7 5 lmq (4. 8mm* 

b ) Boc-(Asp(OcHex)Thr(Bzl)Arq(Tos)Cly) , 
S8WI2 <a) ©ft£*7. 95 g (3. 8mmol) 

*>S$ 5. 80g (60. 3mmol) £jjgTl<fc© 10 

*>. sat-cmiHSffofc. jsow&u dmf 12 

0ml£)STU Se>«l 1- 'Jxf-;U7 5> 5. 7 2g 

(5 6. 6 mmo 1 ) *?8TUc. o-3l,»TJHM»l 

(b)©ft£«96. 45g (4. Ommol). HOB* 

c ) Boc-(Asp(OcHex)Thr(Bz1)ArqOos)Cr)y) . -Asp (OcHex)Thr(Bzl)-OBzl 
HWJ2 (b) (DiliSWll 3. 0g(9. Ommol) ★mo 1 ) , HOB t 5 8 7mq (4 



-Asp (OcHex)7hr(Bzl)-OBzl 
28' t 616mq(4. 6mmol), WSC 70 8mq 
(4. 6mmo ]' ) 3 0#W)8tm MS? 

3 . 5 D#M# L tc. 5lt>?£* 1 1 6 0 0 ml 

*«ca«f. *»Tr.3o»iaaiMi.' ttiaw^isiiBst. * 

i-f-^rjjfc». ttMUTMBft^tt l 3 . l g 

[0 02 6] 



3 mmo 1 ) . W 



20 



30 



7. 2 5g ( 1 1 1 mmo 1 ) £?)§"FLfc© 

2-fpyy^>i o Omi^?STL. S^cc h yx^-ju 

75 > 10. 9g ( 1 0 8mmo 1 ) £iST^fc. •? 

-i^xnmm (b) ©ft^-'e. i5g o. 8m* 

d) H-(Asp(OcHex)Thr(Bzl)Arqaos)CDy) 
(c) ©fb-£$l 6. 0 g (3. 1 mmo 1 ) 
>)VJ\>*V&3kl 3 OmlSCSJgl/. 5 

If, 3 0#fia&t?bti*©£?£&bfc. C ©**$£. D 
MF 3 0 Oml^Ct*>U h Ux^;bT 5>3. IBs 
(3 1 mm o 1 ) fcftftTTiiSTUc©^. 3 0#Rfl8 
tfLfc. RJES* 1 1. 5 UpKtt*. zK<$ 

■cat*. K«i/-csia<b6«i 15. ogi'dfc. 

[0 028] 

e) Boc-(Arqaos)ClyAsp(OcHex)7hr(Bzl)) „-0Bzl 
HiSWl ( f ) ©<t^l 0. 4g (2. 9 6mmo 

D tnmm (djoft^WM. 90 * (2. 9 6 

mmol)£> DMF 2 0 0ml£, N-^Wt'n'J 
2 0 0ml®»£»«fci6JWl/5-*'l 0"C"CHO 
Bt 4 8 5mq(3. 5 9 mm o 1 ) . WS C • HC 1 
6 9 0mq (3. 5 9 mmo 1 ) MWC2,^m 
ffltblt. KJSflKr. 1%^7K 3 

[0029] 

f ) (Arg-Gly-Asp -Th r) „ 

<e)©lb£^7. 5.0 g?:7xy-;H 2m 
1, y ^■jUx?;1'^;1/7 •< K 2ml©#£T$l*7 -.Hb 
7k* 8 0 ml&«ET. -78 Ml]*.. HJfcffl 1 
(f ) i|5]tt©*&a*t7lr», «S(L£^:ffi£li£ H a a 
4. 5 0e'£llfc. C©ffl£fifctt 4. 5 0g£#t@H 



SC 6 7 5mq(4. 3mmol) W, 3 0£R38l 
8*. Sfi"C4 BSlBHMf Ofc. EJ&ifc* 1 %<tfe* 

i. 6 mt&*\ 7K^TT3o^pasm ttm®* 
mm, *au x-f-;vT-st?#. taii/c3iflnt-&»i 

6. 3g£?#fc„ 
[0 027] 

, -^sp(0c Hex)Thr(Bzl)-OBzl 
PLC YMC-ODS 50iran*x5 00m 

m, 1 5~ 3 0 u ; SKai : 1 5 ml/m i n ; &tHi&fi : 
2 2 Onm ; jgtiiifc : (A)tK-O. l%h'J7Jl/^n 
ftK (B) 7/fel-x MJjU-0. 1 9« h ';7;l/*PHf 
® ; ^5^x> h : (B) 0^(180^) 854- 
(1 8 0#) 1 7 54) tCt-^-CfSMO-C, ^fElb£«5 
1. 0 3g£iSfc (HPLC®SB'^9B\.''9%) . 
MS (FAB) m/e 4743 (M + H* ) 
7 S>Bt»*HI : A s x ( 1 1 . 1 ) . G 1 y" (1 
1. 0), Arg (1 1. 3), Thr (11. 1) 
CG 1 Zmmt LXg-M) 
jWIHPLC 

fi&gm : 1 7. 5 6^5- 
[0030] 

(Arg-Gly-Asp-Thr), ©8811? 
a) Boc-(Arg(Tos)ClyAsp(OcHex)1hr(Bz1)) , -OBzl 
(d)©(b^»l. 22g (0. 2 4mmo 

1 ) , Boc-Arq(Tos)Cly-OH 1 2 9 mp ( 0 . 2 7 mm 0 
I) 4DMF 5rali. N ^JV- 2 - tTCJ 'J ^>> 

2 5 mXDFiSimfc ^fi?L.5~10'CrHOBt 3 
9 mq ( 0 . 2 9 mm o 1) , WSC-HCl 5 6mq 
(0. 2 9 mmo 1) ^fin^., 3Qft?$®ffik. Sffl? 

4. bmmwfcbtc. sieiK* i %AJi;7k soonitf 

50 8fcf£x-f-Jl/"Ci5fc». K»Lraifflft^«ll. 2 3 b?: 



40 



(9) 

13""' 

mtc. 

[003 1 J 

b) (A r g-G 1 y-A sp-Th r) , 
mmM3 (a) ©ffc£«U. 2 3gt. 7xy-;U 6 
ml. S?A,x.?}\>Z)l7 -f K 1. 5ml©l?£T. M?K 
7?fb*J|5 4 0mlfcj&ET, - 7 8"CTlP*.' SdtW 
1 ( f ) tPJlMcDMa^f t\ SUHfc£tt©ffl£J3u& 
7 2 8mq&f#fc. C©ffl£fiSSr 7 2 8mq*$tBH P L 
C YMC-ODS 3 0mii/>x2 5 0ibh 1 

5~ 3 0 a ; ifejl : 7 ml/m i n ; l&tMg : 2 2 0 n 10 
m-.mmm: (A)*-0. lHHJ^AoJ-nftBt 
(B) 7teb~t-')A>-0. \ % b V 7 fr* vgtm ', V 
7*/*>h: (B) 0%- (1 80#) 7%-> (60 
#) 1 0%-» ( 1 2 0#) 1 4%) (Cfc-s-CffiSL-C. 
3B{b£4fe 1 9 1 mqttffc (HPLCffiSS#^9 
5. 9%) . 

MS (FAB) m/e 3 0 2 5 (M+H* ) 

7 5^K»*HI: Asx (7. 17), Gly' (7. 

00) , Arg (7. 11). Thr (7. 10) CG 

i y- zmwtLxnm 20 

23BHPLC ' 

{S80$flS : 14. 9 2# 
[003 2] 

(Arg-Gly-Asp-Thr), ©II3M 

a) Boc-(Arri(Tos)cnyAspCOcHex)ThrCBz1)) 3 -OBzl 
106812 ( a ) ©{b^ 1 . 80 g (0. 8 5mmo 

1) l-x b 'JJH 5mlCCSSiBU *i^T^*>^ 

1. 23g(12. 8mmo 1 ) iWTLlc 30 
O^. SST'3. 5KjRB$#bfc. fSWKftb. DMF 
1 OmlSriSTU 3 6>K:HJx* L /Kr5>l. 21 g 
(2 lmmo 1 ) ZffiTbtc. -3-3UTBoc-ArqCTos)Gl 
y-OH 4 3 3mq(0. 90mmol). HOB t 13 
8mq(l. 0 2mmo 1) . WSC 159mq(l. 0 
2m mo 1 ) 3 0«ffil Sia-C3T^H« 

Jt btc BU&Bii 1 %6il7k' 3 0 Omit" tea* . 

TC 3 o £imsi#&. 'ais^t^m, wt o x- f-^-c 

KttLTSiHfc^tt 2. 0 3g*fS/c 
[00 3 3 ) 40 

b) (A; g-G 1 y-A s p-Th r) 3 

£tfcfl|4 (a) ©ft£ttl. 8 0g*. 6 
ml, ^^Jbx^JU^;!/^ -f K 1. 5ml©£l±T, 
7v^t7jc3S 4 Omit SET. - 7 8 •CTflUx. 

i(f) tjsmcymitfiK n^sssi 1. oog* 
»fc.. c oaffi^jEtt 1 • 0 0 s znmw 3 < b ) t m 

tatBHPLC*ffll»Tffi« (f'7^x> r-&tt©»£ 
SW3 <b) 4£ft»). (B) OX-(18 0») 1 1 

%-> ( 1 2 0#) 1 5%) ^2[§i^0iIL-C-(Tt^ UsS 
{t£«! 1 4 3 mq4fffc ( H P L CffifflH^SS 9 7.4 50 



ft^ 3 ^- 1 70 7 9 6 
16 

%) . 

MS (SIMS) m/e 1 306 (M+H') 
7 5 yK^tfrffi :Asx (3. 03) , Gly" (3. 
00). Arg (2. 99). Thr (3. 03) CG 
1 y' £S«£ L-CHlHD 
jMtlHP LC 

»«*frBll»«l il5|i; 

m$m : 7. 7 5# 

[0 03 4]H»iJ5 

(Arg-Gly-Asp-Thr), ©S« 
a) Boc-(Arq(Tos)ClyAsp(OcHex)"nir(Bzl)) , -OBzl 
mMMl (d) ©<b£%6 2 9mq(0. 32mmol) 
i. WiWl2 (d) ©ft£»l. 51g (0. 30mm 

0 1 ) &DMF 4 OmlttjgJSU ?K?feT. HOB t 
49mq (0. 3 6mmo 1 ) . WSC • HC 1 69mq 
(0. 3 6mmo 1 ) tlffli. MUX- 4ftT$fc&Vtc. 

gl£«*. 1%A±S* 3 0 OmTfte&l?, 7K<tTT3 

o»iaaj$a. ttia**aKo. Tfcfttsx-fMUTa 

t>. B»LTSIH<t£» 1 . 8 3 g fcfffc. 
[0035] b) (Arg-Gly-Asp-Thr) 

8 

Hi£0«5 (a) ©<b£$»l. 5 0g*. 7XV-JU 6 
ml. ^^-Jbx^^^^^ a b' 1. 5ml©ffftTs $8* 

7 ? ft* JR 4 0 ml & if&ET. ~ 7 8 "C-C JD * . Rife WI 

1 (f) ilHlttOMHttfU, tl^fiS;^ 9 4 0mq^# 
7c. C ©*!£GS,123 4 4 0 mq^HJfe^J 3 ( b ) i la] CiMtB 
HPLC&JSl>Ti|fig (^^i^i^ h^#©^J4^3 

(b) £H&9> (B) 0%-(180») 8%-(l 

8 0#) 17 %) tlTU. ^Mib^ 7 4 mqfc?# /c 
(HPLCffi«S^l 0 0%) . 

MS (FAB) m/e 3 884 (M+H*) 

7 5yffi!#ffiffi: As x (9. 2 4) . G 1 y" (9. 

00). Arg (9. 32). Thr (9. 39) CG 

i y* zmmtLxwun 

jgfBHPLC 

ffiSmt : 1 6 . 0 6^- 
[0 03 6]g|te^!l6 

3. h*^yx?i/>yy3-ji/ 

K P ( ArqCl yAspThr) , , 

m&M2 (f) X-mUUc (ArqClyAsplhr) „ 30 0 
mq?:. 0. 1 M&VWUSffift. ( P H 8 . 2 1)30mlte 
t$mzntc&> 3. h*^'JX?U>^ 

5 Fxzf^ (WSH^Mft 10000) 2. 53g 
(7i/I(cMlt4eq. ) 5:^, 2fir2^HllH 
JfLfc. 1NSWCPH5. 0teM«b*:©'fe^>^'5 
> 7 ^ A j» - ( 0 . 4 5 u in ) -C^FfcfllfciiiSL 
^KT'^b. igl* 1 5 O ral 4 b -C, C©i§H5*^*iS 

(h) vimLtcvtmcmuHPLczm^Tffi 



17".' 

M ({ML. h^#ti^OifcO. : (B) 0 

%- (6 0#) 3 0%- (1 8 0#) 3 5%- (12 0 
#) 40%— (60#) 4 5%) SMCD??* 

is s >zmi&$tmn:> &mt£& 495 

[003 7] 7 5 ^BSfltfrfil :Asx(ll.p).G 
1 y* (11. 0) , Ar g (1 0 
. 8) . Thr (1 0. 3) 
*S*7 5 s& 

t>?&: YMC-ODS. 5m 

4. 6inn*x250imi 

mm: V?Vxl>Y 

A?£:*-0. l%h Vyfrtum® 

Bffi: 7-b h'JJl/-0. 1 % h V ^l^Pim 

MUBiBogg: 3 0% 

: l%/# 
SKI : lml/# 

&ttl)&g : lOnm 

: 1 6. 3 5# 

GPC 

*5A: TSK gel G3000SW 

7. 5n»n«x6 OOrim (»V-ttSi) 

jgtrM : 0. 2 MAE* (5%x^/-;^W) 

: 0. 6m\/ft 
Mttii&B: 1 Onm 
ftftgffl : 2 5. 6 3# 

[o 03 8] mtmi 

3, 4-f X-->< h + ^'Ji^U^^'J^-Jl' ■ 
HPS^K*5SS (ArqGlyAspThr) , 
HJSW1 (h) riaiSLfc (ArpGlyAsplhr) 5 1 4 1 mq 
0. lM*3K3tfE$ (PH8. 21) 14. 1ml 

xtgrnz-etc^ 3. 4-«->ht^ , ;xfu> 

-Y = K**r;l, (TOH^Sfal 0 0 00) 1. 96 
g (7 5 ^SICM0T3 e q. ) £JjUx. ^ST'2^ 
®?U/c. 1N^STpH5. Ote§3igL ^> 
75 >7 •< Jl* - ( 0 . 4 5 urn) T'^FfStlSrjtSfa. 
^S*Tl!r»JU« 1 0 Omli L/c C©i§S& 

xtkMi (h) x-mucQtmcmuHPLcim^ 

(B) 0%- (60#) 33%- (1 20#) 39%) 
m 9 5 mg£#fc. 

[0 0 3 9 ] 7 5 : A s x (5. 03). G 

1 y" (5. 00), Arg (5. 08), Thr 
(4. 76) 

*mmr s m 

JHIHPLC 
fflmffl: 17. 6 5# 



(10) ^¥5- 1 7079 6 

18 

GPC 

&#l$m: 2 6. 0 0# 
[0 04.0 3 **018 

3, 4-tTX-^ \-*is#i)x.?Vl'i"J a-Jl/ >W 
KpSSHMH* (ArqGlyAspThr) , 
fdfctflR (b) TIESJlUc (ArqGlyAspThr) , 2 0 0mq 
0. lM^^tttliRffi (PH8. 2 1) 2 0ml«l?g 
fl?$tf7cf£. 3.' 4-f^-> 
io KoSft« N-fc Ka*i/**«»-U K 

i^MWHWl 00 00) 4. 59g (7 

fc. l.NJ£S!TpH5. 0CCfE)SJLfc©%;O7'-7>7 
^;U5r- (0. 4 5<im) r^fel^jSi^. 

^gfl* 1 6 OmliLfc. C©^M?:^^1 
(h) r<£^b?c©«!:ISIDMBHPLC?:ffll>-rffl$S 

«su ify^^yy^mt-x<ota>). •. <b) o% 

- (6 0#) 3 0%- (1 2 0#) 3 7%— (6 0#) 
4 0%-(60#) 5 2%) *»fl». SKJ©??*^ 
20 >4«St£iil/t. *H{fc£« 2 5 0mq£*S7c. 
75->»»*i«: Asx (2. 8 1) . Gly" (3. 
00) . Arg (2. 88) , Thr (2. 72) 
*g«7 5 
jitBHPLC 

gftglll: 18. 6 5# 

GPC 

Vffitm: 2 6. 2 8# 
30 [0 04 1 ]HteW9 * 

3. 4-tf^-^ h*ix#'Ji?L'>^'J ;W 
Kog&KfSt* (ArqGlyAspThr) , 

HJSWI3 (b) -CIEHJUfc (ArqGlyAspThr) , 1 9 2 mq 
0. 1 M*9B8ffiiK (pH8. 2 1) 19. 2ml 
tcSWS-syta, 3. 4-tT*-> 

KxxfJb 1 0 0 00) 2.5 4 

g (7S/»C*itlT4.eq. ) ^jflJA, Mfi-C2B||S 
SffWc. lNffiKt-pH5. 0tCil3SjL/c<D%, ^ > 
40 7v >7 a )\>Z - ( 0 . 4 5 y m ) r^j6»*ii*a. 
3Ka*T*«L. ^S«7 Omli L/c. C©jg?S=&S 
ttMl (h) • Tttflil/fc©A|BICjlttBHPLC«fflC»'C 
ffiK ({iL, ^5i>x>h^ft«^©i*J0. : (B) 
0%- (6 0») 35%- (300^) 4 5%) 

1 8 8mq&?#/c. 

7;/iMf!:Asx (7. 01), Gly" (7. 
00), Arg (7. 02), Thr (6. 81) 

50 MfflHPLC 



an 
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SftBM : 1 7 . 2 1 # 

GPC 

»«T*frtt*ttW6±ISIt 
ftftBIBI: 2 5. 8 8# 
[0042] HAM 1 0 

=m?ffi*,>> h^^^llx^U^^'J^-^HSiS (Ar 
qGlyAspThr) 

|£MS2 ( f > -CsHSa"Ufc (ArgGlyAspThr) „ 3 5 Omq 
0. (pH8. 2 1 ) 3 5 inlfcig 10 

^£1^5 0 00) 1. 85g (Tisgt/CftLXb-e 

q . ) zma. m.u-c2mmnuc 1 n&btcph 

5. 0tCtl38bfc©fc. J>?7>7 (0. 4 

7 0 ml <b Ltc. C©jgiBE**ttW3 (b) rfigfflUc© 
iHCjEtlHPLCtffl^TWK (fflU. 
fcftttJXOifcD. : (B) 0%- (60#) 30%- 
( 1 2 0£) 3 B%— ( 1 2 0#) 4 6% ) 4!fl>, 20 
BWO^^fS/Bi/taBSiaiLT. «0<t#* 4 9 
5 mq5rf#fc. 

7 5 yK^frffi : A s x ( 1 0. 2) . G 1 y" (1 
1. 0), ArgdO. 3), Thr(10. 1) 

iBfflHPLC 

£^B#|!S] : 1 2 . 8 3 # 
GPC 

»1R*ttBJQiW6 4IBIC 30 
Gy$B$IB] : 2 8 . 6 2 # 
[0043] JCftf* 1 1 

3/\9Wi*:SJ Y^lf&VX-l-VsifV^-k&ISi (Ar 
g Cly Asp Thr)i 

HifeW 1(h) rgSS Uc ( Arq Cly Asp Thr), 300 
mq£. 0. lM*"5K«W5iR (PH8. 2 1) 3 0nUC 

N- 1 f-d*->;*^>W 5.FxXf;l 
»Tfifi5 0 0 0) 3. 48 g (7iViKMLT5e 

q . ) zm*.. s.u-c 2mmwbtc in&stcph 40 
5. oJcia«Lte©*'. ^>^7>7 -f;ni- (o. 4 

jatiHPLc^ffl^-cfiHHa. swos'Si'f 
tswani/T. *aft^tt 5 8 1 mg*»fc. 7 5 ^a$# 

«rfll: Asx (4. 5 3) . Gl y' (5. 0 0) . A 
rs (4. 5 1) . Thr (4. 6 2) 

jHBHPLC 



SBHP5-1 70 7 96 
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mmm : 1 4. 2 3# 4 

GPC 

f@3B$m : 2 9. 2 8# 
[0044] MWU 2 

sm^Ht*^ h + */j|<ya^p>^y3-iHMIi (Ar 
g Cly Asp Thr)j 

HEtK0f 4 ( b ) vmUUc (Arq Cly Asp Thr), 1 2 0 
no*. 0. lM^^BHSflfiK (pH8. 2 1) 1 2«1K 

ri-Jl/ N-t rP + i'Xi'i'WS Fia^.H' 
^F£ft5 0 0 0)' 2. 30k (7 5 ^SJCttOT 5 

eq. ) fcina.. sar3«siBiiiH*bfc. lNiwrcp 

H5. OlCiHSlUfc©^. (0. 
4 5 Mm) -C^gftiasa. ffiBftrtfRl/. 
fclOOmliUc *HfeW3 <b) T«flUfc*£HD 

a»tiHFLc*ffli»-cnm «io, y?i>x>r&#tt 

#©ifc9. : ( B ) 0 %-* ( 6 0 35 %-* (12 

o#) 4 1 %- ( 1 2 o#) 5 1 %) @W©7 

7 * J/ a > &£ttf£tt . aS{b£13l 2 3 6 mg4*# 
fc. 

75>K^I:Asx (2. 88), Gly' (3. 
00) . Ar g (2. 92) . Th r (2. 83) 
*S«7 5 
«*HHPLC 

fi3$B$flT: 16. 55^ 

GPC 

aff*WFttSWfcW6 ilSJD 
fffclSIB: 2 8.'5 8£ 
[0 045] XtfcM 13 

a^'i'SJ*^-^ h^^jpyx^U^yja-^ttfli (Ar 
q Gly Asp Thr) 7 

H$60«3 ( b ) VVHWlLtc (Arg Cly Asp Thr), 1 6 9 
0. lMsJv>tt«««(pH8. 2 1)16. 9 

y i; n-;L- N-b hP+^Xi'i/^-f 5 fxZf-iV 

{mbft+mm 5000) 1. 4 0 g (7 5 
ut5eq. ) £fln*.> istamwofc. IN* 

(0. 45(im) r-^ig^^iS*^ ES*r#5KL. 

±SS*1 OOmliUc HJI50I3 (b) TffifflUc© 

tisicjS»tiHPLC*fflt>r«« «au 

*fftt^©t*»0. : (B) 0%- (60^) 3 0X-» 
(3 6 0^) 4 2^- (6 0^) 4 8%) W 1 . @W 
©7 9f f a>48MS»aiL"C. aSBft^2 0 4mq?: 
ff/c„ 

TS^iMI:Asx (7. 28), Gly' (7. 
00) . Arg (7. 09) , Thr (6. 72) 

*gf@7 5 sW. 



21 

jltSHPLC 

fttffkmtntmG trap 
mmm •. 1 3. 9 2# 

GPC 

ffi&gM : 2 9. 0 1# 
[004 6] JOWl 1 4 

(Arq-Cl v-Asp-Th r)„ (n=l , 3 , 5 , 7 , 9 «t !>'pol v(Arq- 
Gly-Asp-Thr) ©^Is&JtPitjlH'ftB. 
a-fSCBJJfttt CArp-Clv-Asp-Thr), (0=1,3,5,7,9,11) 
fc«fcy. W2- 1 7 4 7 9 8-f^EIS«SO^fti|Sl 
tiO^S f ISSS IkRGDW; v -T ft Spol y(Arq 
-Cly-Asp- 1hr)CDilKWfl>WStt«C"3l»'C. 
&( ftlSfl¥2 - 1 7 4 7 9 8^&$R) KgfU&i^To 
fc. BP£. UttMl. 2, 3. 4. bX-£n8.Uc<73- 
KfcJ:^ poly(Arq-C1y-Asp-Th05:ffll^ Cftf)©^* 

B 1 6-BL6j«5y-vtBJfi09flft&»T-SS»3ftfcW©1 



( 12) »H»5- 170798 
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* »©^fWMffffi*-?$ *©B 16-BL6^7-/- 
■?||||ia-CttWl/te. fc-f. Cht><Dit&®t:&''bOO 
u s ±#*«Cli8tt©5lft»fflHH8£ L/"CB 1 6 - BL 6 

^ 7 ^ - 7tnn ( 2 4 igmH&wimieft 4 *>©. 3 x 

1 0 4 fi) iMHrPBStpTttaa. *©0. 2«1*— 
85E©C5 7BL/6©ttv9afc|«lSWl»fc. & 

41 4B$K^*©tt©*S3Cii-ljt£&*.T. SMS 
©PBS&4»£tk«t/fc. 

t©tt*KJ:*U*. (Arq-Gly-Asp-Thr) . (n=3,5, 7,9,1 
lOtei^'polyCArp-Cly-Asp-TTir) J; •) . B^<0 

JSK»«Wt*CJOHWS^fc. (Arp-Cly-Asp-Thr) 
„ (n=5,7,9.ia)«:*5l>-Ctt, poly(Arq-Gly-Asp-Thr) (C 

[0047] 
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series** s^y*?^ kowm^h 



g) ¥«D ± S D (¥Effl) 



PBS (5M6S) 




4 6 


± 6 




(40- 


5 4) 


(RDGT) i 


5 0 0 


3 6 


± 1 


4 


(22- 


5 2) 


(RDGT) > 


5 0 0 


3 0 


± 1 


0 


(16- 


4 6) 


(RDGT) . 


5 0 0 


1 4 


± 4 




(10- 


1 8) 


(RDGT) j 


5 0 0 


1 2 


± 6 




( 6 - 


2 2) 


(RDGT) . 


5 0 0 


1 6 


± 6 




( 8 - 


2 0) 


( R D. G T ) 1 1 


5 0 0 


1 4 


±6 




(10- 


2 0) 


poly (RDGT) 


5 0 0 


2 6 


± I 


0 


(14- 


4 0) 



RGDT : Arg-G 1 y-Asp-Thr 

* :P<0. 0 5. " :P<0. 001 

fc. *r. Cft6{fc£tt©4 0. 2 0 0teJ:tfl00 0 
us (SS^fi) &\ *tt^ft3x ] 0' ffl©B16.- 
BL6>7 ^ — nmt PBS tt>TB£1*, 1 4 

JC5*Ufc©ira*©#8X?-?$*C5 7BL/Bfc«4 
L-C> fllcp^JflilW^ill^ft:. *©**»*. »2^ 
JC^-T. ISllSrt 1 6 18 6 *>&£*$•). (Arq-Cly-Asp-Hir) 



[004 8] mtm 1 5 

(Arq-Cly-Asp-Thr) ^©iS^H 1 <l$fif$©fi&$K 

v}*©B ] 6 -BL6SyS--?MW&X'mib 50 



(13) 'mW5-\ 7079 6 

23 24 
„KJ;t-<. *©^+«fiJi(*©!a:4KJ:0»^©3B(» * [0 04 9] 4 

B 1 G - B L 6 y 5 - vJfflfia«)^MSS=f-C-^^$n7 , c)it©||^&!? 



(jtg) ffei+SD (iSH) 



pbs c^^aa) 






1 

1 


9 0 ± 4 / 


/ A Q Q E "\ 

V 4 o o D ) 


(RGDT) n 


1 


0 0 0 




1 0 ± 5 


(0-14) 






2 0 0 


J 


2 7 ± 2 8 


(10 1-16 8) 






4 0 


1 


5 6 ± 3 4 


( 1 2 6 - 1 9 4 ) 


PEG2- 


1 


0 0 0 




0 


• 


(RGDT) 1 1 




2 0 0 




5 0 + 12 


( 3 8 - 6 4 ) 






4 0 


1 


I 8 ± 4 3 


( 7 0 - 1 7 2 ) 


PEG- 


1 


0 0 0 




0 


* 


(RGDT) u 




2 0 0 




6 8 ± 8 


( 5 7 - 7 8 ) ' 






4 0 


1 


2 5+11 


( 1 2 5 - 1 4 0 ) 


PEG 2 


3 


0 0 0 


1 


1 2 ± 3 6 


( 7 8 - 1 4 5 ) 



(RGDT) ii : (Arg-Gly-Asp-Thr) n. Xffift 2 
P E G 2 - (RGDT) i, : fSJfeW 6 
PEG- (RGDT) ii .; tfe^ll flT'^^ 
• : P < 0 . 0 0 1 



